ABSTRACT The development of silicotic lesions was studied in the lungs of rats pre-exposed to a pulmonary load of coal fly ash. Exposure to quartz alone increased the wet weight, dry weight, and collagen content of the lungs. These changes were associated with an increase in the activity of lactate dehydrogenase, total proteins, and the cellularity of bronchoalveolar lavage. When the lungs of rats were pre-exposed to coal fly ash for 60 days and then exposed to quartz dust for periods similar to those used for exposure to quartz alone, the development of silicotic lesions and the laying down of collagen fibres was retarded, as judged by histopathological examination and biochemical analysis of the tissues for hydroxyproline contents. These changes in the lung tissue were associated with a significant reduction in the level of lactate dehydrogenase enzyme activity, total cell counts, and protein contents of the bronchoalveolar lavage derived from rats exposed to quartz.
Fly ash is a common environmental pollutant where coal is burnt in thermal power stations to generate electricity.' Health hazards due to its inhalation have been attributed to constituents such as trace elements, carcinogenic and potentially carcinogenic compounds, and the size of the particulates small enough to escape the dust clearing mechanism of the electrostatic precipitator. [2] [3] [4] [5] [6] [7] [8] [9] An earlier investigation showed that small doses of fly ash are readily phagocytosed by alveolar macrophages, retained in the lungs for long periods, and do not elicit a pronounced fibrotic reaction in the lungs. In the present investigation studies were carried out to determine whether a dose offly ash, large enough to be retained in the lungs over long periods, can modify the pulmonary response to a known fibrogenic dust. The studies merit investigation since exposure to fly ash and dusts rich in free silica may occur in and around industrial settings, particularly in developing countries-among workers handling cement and sand in road and building construction, for example.
Materials and methods

PREPARATION OF FLY ASH DUST SAMPLES
Fly ash was obtained from the electrostatic precipitator of a thermal power station in India. It was passed through a 400 mesh sieve to remove coarse particles and then briefly suspended in a volume of distilled water. The supernatant containing fine parti- Accepted 26 January 1987 cles of fly ash in suspension was siphoned offcarefully, centrifuged at 800 g for 10 minutes, and the sediment dried at 100°C. The fly ash particles thus obtained contained more than 90% of the particles less than 5 gm in diameter.
ANIMALS
Female albino rats (body wt 150-175 g), of the Industrial Toxicology Research Centre rat colony, reared under normal conditions of husbandry and fed freely on pellet diet supplied by Hindustan Lever and water, were used.
EXPERIMENTAL PROTOCOL
The rats were randomly divided into two groups, 1 and 2. The 40 rats in group I were inoculated intratracheally with 12 5 mg of coal fly ash, suspended in 1 ml physiological saline. The 35 rats in group 2 were inoculated with 1 ml physiological saline. After a lapse of 60 days, a batch from each group was killed and the remaining rats of both groups were divided into two subgroups. The 17 rats of the first subgroup in group 1 were inoculated intratracheally with 10 mg of quartz dust suspended in 1 ml physiological saline and the 16 rats in the second subgroup ofgroup 1 were inoculated with 1 ml physiological saline. The rats in group 2 were also divided into two subgroups. The 15 rats ofthe first subgroup were inoculated with 10 mg quartz dust intratracheally suspended in I ml of physiological saline and the 14 rats ofthe second subgroup with I ml of physiological saline. The details of the experimental protocol are shown diagramatically opposite. 312
Silicotic lesions in rats pre-exposed to coalfly ash Group Thirty, 60, and 90 days after intratracheal inoculation of quartz dust the rats were killed and the lungs and trachea removed and dissected free of the heart and mediastinal structures. The wet weight of the lungs and trachea was recorded, and subsequently the lungs were gently distended with a solution of 10% formolsaline (V/V) injected through the trachea, which was tied at the site of the origin of the first bronchus. The trachea was then removed and its weight subtracted from the weight of the lungs and trachea to obtain the net weight subtracted from the weight of the lungs and trachea to obtain the net wet weight of lungs. The lungs were next put in 10% formol-saline with the mediastinal lymph nodes that were separately excised. After preliminary fixation, blocks of tissues were selected along the long axes of lungs and lymph nodes. The tissues were embedded in paraffin and multiple sections of 5 pm thickness were cut and stained with haematoxylin and eosin and silver impregnated for reticulin.'
COLLAGEN ANALYSIS
All the lung tissue, except the portion used for histopathological studies, was dried at I10°C. Tissue shavings and the paraffin embedded block were then added to it and the whole was treated thrice with xylene at 37°C. The mixture was again dried until a constant weight was reached. This represented the total dry weight of lungs minus a few sections of 5 Microscopic examination of the lungs exposed to fly ash alone showed a macrophage response in the alveolar lumen. The dust was phagocytosed by macrophages. The alveolar walls showed moderate thickening due to a mononuclear cellular infiltration and the proliferation of reticulin fibres. The dust was transported to the mediastinal lymph nodes, where it was principally located in the cortical and medullary sinuses.
Exposure to quartz dust resulted in an outpouring of macrophages into the alveolar lumen, which accumulated in places and gave rise to typical granulomas. The granulomas were small and discrete at 30 days after exposure and increased in size subsequently. The lesions developed chiefly in the alveoli budding off from respiratory bronchioles and alveolar ducts, situated in the vicinity of small blood vessels and air ways (fig 1) . The substance of the nodules was composed of a reticulin framework at 30 days after exposure. At subsequent intervals collagen fibres were seen to be distributed among the reticulin fibres. Typical silicotic nodules developed in the mediastinal lymph nodes that replaced the lymphoid elements to varying degrees (fig 2) .
In rats exposed to quartz dust after an initial load of fly ash the silicotic lesions were less well developed and the histological picture of fly ash lung predominated over that due to quartz exposure. Typically, the alveolar macrophages were loaded with fly ash particles, which eclipsed the presence of quartz particulates in the haematoxylin-eosin stained sections (fig 3) . The reaction at 60 days after exposure to quartz showed the presence of small nodules at the site of the bifurcation of the distal airways (fig 4) . In the mediastinal lymph nodes silicotic lesions containing fly ash particles developed and the remnants of lymphoid elements seemed to be more than those observed in silicotic rats not pre-exposed to fly ash ( fig 5) .
The wet weight of lungs increased progressively from 30 days to 90 days after inoculation with quartz dust (table 1) . This increase was highly significant at 60 and 90 days after exposure (p < 0-0 1). Rats inoculated with quartz dust after pre-exposure to fly ash also registered a significant increase in the wet weight of the lungs. A comparison of the wet weight of the lungs between the rats exposed to quartz dust alone or after pre-exposure to fly ash showed that in the lungs pre- exposed to fly ash the increase in the wet weight of the lungs was significantly less at 60 days (p < 0 05). The dry weight of lungs exposed to quartz increased irrespective of whether the rats were pre-exposed to fly ash or not (table 2) . The increase in the dry weight of the lungs was significantly more in rats exposed to quartz dust without pre-exposure to fly ash (p < 0 05 at 60 days, p < 0 01 at 90 days). Exposure to quartz after or without pre-exposure to fly ash resulted in a significant increase in the total collagen content of the lungs by comparison with lungs exposed to fly ash or physiological saline alone (fig 6) . The increase in the collagen content ofthe lungs was less in rats exposed to quartz after pre-exposure to fly ash than in rats exposed to quartz dust without prior exposure to fly ash (p < 0-05 at 60 days, p < 0 01 at 90 days). Figure 7 shows the changes in the LDH activity of the bronchoalveolar lavage. Quartz dust exposure resulted in a significant increase in the lactate dehydrogenase activity (p < 0-01). This increase was, however, significantly less in the rats pre-exposed to fly ash(p < 001).
Exposure to quartz dust increased the protein Table 1 Changes in wet weight oflungs (g) after varying periods ofexposure to quartz (10 mg) in rats pre-exposed to coalfly ash (12 5 (4) tSee text for full details. *p < 0 05; **p < 0-01 ± SD. content of the bronchoalveolar lavage significantly (p < 0-01) (fig 8) . The bronchoalveolar lavage protein content of rats exposed to quartz dust after exposure to fly ash also increased significantly by comparison with the controls. The protein contents of the bronchoalveolar lavage at 60 days was significantly less in the rats exposed to fly ash quartz than in rats exposed to quartz alone (p < 0-01). Table 3 shows a significant increase in the cellular contents ofthe bronchoalveolar lavage in rats exposed to quartz dust or which was statistically significant at 60 days and 90 days after exposure. No increase in the bronchoalveolar lavage cellularity was noticed when the animals were preexposed to fly ash before exposure to quartz (p < 0-01).
Discussion
The results of the present investigation show that the development of silicotic lesions is significantly retarded in rats pre-exposed to fly ash. med secondary lysosomes, will require further studies at the ultramicroscopic level.
From the results of these studies it may, therefore, be concluded that small amounts of fly ash do not greatly alter pulmonary histopathology, that the dust remains in the lungs for long periods, and that in lungs pre-exposed to fly ash the fibrotic reaction after a subsequent exposure to proliferative dust such as quartz is retarded and less extensive.
